ABSTRACT. Irrigation tanks are one of the oldest and most important common property water resources in the resource poor regions especially in
INTRODUCTION
Tank irrigation contributes significantly to agricultural production in South and Southeast Asia. Irrigation tanks are one of the oldest and most important common property water resources in the resource poor regions especially in South India and Sri Lanka. Tank irrigation accounts for more than 30% of total irrigated area in Andra Pradesh, Karnataka and Tamil Nadu states in India. In Tamil Nadu alone there are 39200 tanks of varying sizes and types. Of these tanks, 22% are under public works department (PWD) (which have a command area of more than 40 ha and are maintained by the irrigation department) while the others are under Panchayat union (PU) (which have a command area of less than 40 ha and are managed by local villages). The small tanks are also grouped under this category. Generally, rice is grown from September to January where the average rainfall during this period varies from 300 to 450 mm. Tanks are not only useful in irrigation, but also important * To whom correspondence should be addressed to: ananthi@hotmail.com 1 IWMI-TATA Policy Research Program, International Water Management Institute, South Asia Regional Office, Hyderabad, India in enriching enriches the water table through percolation. The latter is extremely useful in ensuring sustained agriculture in the tank region.
Variation in rainfall quantity (total amount) and quality (intensity) significantly affects tank water supplies. Rainfall variation during a season can seriously affect tank storage. Tank encroachment, siltation, and disrepair of sluice and lack of maintenance activities in the tanks also affect tank storage. This resulted in declining performance of the tanks. At present one of the important components in tank irrigation is wells in the tank command.
Water supply fluctuates from one tank to another within a year and over the years. Even though the tanks are in a homogenous region and inter tank differences in terms of rainfall, storage pattern, filling pattern and irrigation pattern are observed to be the same, there is fluctuation in tank water supply in a year. Rainfall variation is responsible for fluctuation in tank water supply over the years. Tank irrigation has undergone a process of rapid decline in the recent past due to its poor performance, which resulted in heavy dependence on ground water supplementation. Ground water stocks, on the other hand, are relatively stable because the wells get the recharge both from tanks and the irrigated rice fields (Palanisami and Easter, 2000) . Hence it is important to examine what is the value of the groundwater used in the tank irrigation systems.
Because of inadequate tank supplies, groundwater supplementation is gaining importance. Generally, the number of supplemental tank irrigations required by the farmers could not be met as only about 15% of the farmers owned wells in the tank command area. Most of the farmers in tank areas are marginal farmers having less than one hectare and it is expensive for them to invest in wells to meet the supplemental water requirements. Investment in community wells by the government or encouragement of farmers to invest on private wells will make all the farmers to share tank and well water. However, this will be possible only when the value attributed to the groundwater supplementation (stabilization value of groundwater) is attractive. Further, such information will also help to examine the options like tank rehabilitation and groundwater use in the tank systems. The concept of 'stabilization value of groundwater was introduced by Tsur (1997) . This concept gains importance in tank irrigation systems of Tamil Nadu at the system level, to justify the subsequent investment in new wells by the farmers or the Government agencies. The objective of this study is to calculate the stabilization value of groundwater in the tank irrigation systems in Tamil Nadu to justify the additional wells in the tank irrigation system which is an urgent need to revert the declining performance of the irrigation tanks in Tamil Nadu.
MATERIALS AND METHODS

Stabilization value of groundwater -theoretical framework
The basic principles underlying the economics of conjunctive use of surface and groundwater for irrigation are well described by Tsur (1997) and later by Ranganathan and Palanisami (2000) . However, a review of some of the important concepts is warranted here for application in the model which follows. Information on as to how the demand for irrigation water was obtained trough reviewed. The demand for surface water and groundwater was determined, and how this in turn can be used to determine the overall value and stabilization value of groundwater was also established. 
As w p varies, w will also vary to satisfy the above equation. The graph of the above equation is called derived demand curve for irrigation water. If the farmers are growing several crops, then, the derived demand curve for irrigation water is obtained by summing the derived demand curves over all crops.
The quantity of surface water, denoted by S , available for irrigation fluctuates randomly from year to year depending on rainfall and surface irrigation operations. Hence ' S ' can be assumed to be a random variable. Also groundwater is usually more expensive than surface water as it has to be pumped from the well. When surface water is limited, fully rational farmers would demand groundwater to the extent that the cost of groundwater does not exceed the marginal productivity of irrigation water. Mathematically this concept can be stated as follows. . Given the value of p g , let K be the amount of irrigation water (Fig. 1) satisfying 
That is, K is the total amount of water used for irrigation whose marginal productivity is g Due to the supplementation of irrigation water by groundwater, the total water available for crops is stabilized at level K . Thus as indicated by Tsur (1997) groundwater first augments the total water supply for irrigation and then stabilizes the fluctuations in the supply of irrigation water. Therefore, the total value of groundwater is the sum of the above two benefits generated by the groundwater. The benefit generated by the variability reducing function of the groundwater is called as Stabilization Value of Groundwater (SVG).
To explain further this concept, consider a situation that involves two steps. 
Data and method of analysis
In Sivagangai and Madurai districts of Tamil Nadu state, many tanks use groundwater with tank water supply. Cross sectional data for the year 2007 on water storages in randomly selected twelve tanks out of which ten tanks in Sivagangai district and two tanks in Madurai district of Tamil Nadu were taken for this study. These two districts were selected as they are identical in using tank water supply with ground water.
Regarding the water usage, data relating to various crops in the region, primary and secondary data collected from farm household and from the official records pertaining to 2006-2007 were used. The total quantity of water was calculated by adding the quantity of water from both tank and well irrigations. The average usage of water at experimental and field level situation are more or less the same, as the farmers are using near optimum levels due to water scarcity in the tank. For each crop, various levels of water and corresponding yields were used in the production function analysis. The cost of surface water was calculated based on the prevailing water charges fixed by the Government for different crops in the region. With respect to the cost of groundwater, annualized cost of well was arrived at using 10% discount rate and 20 years life of the well and using the total hours of pumping, unit cost of groundwater pumped was worked out. Finally, the total water use at the tank level was arrived at summing the water use by different crops by giving due weightage for water losses. Normally, under tank systems, nearly 38% is lost as seepage and percolation losses from the canal and the fields (Government of Tamil Nadu, 1996) .
A quadratic production function was employed to estimate the crop responses to water for each crop. The quadratic form was used as yield will decline after reaching certain level of water use depicting clearly the diminishing marginal productivity. Earlier studies adopted the quadratic form of production function while analyzing the returns to water input (Palanisami, 2000) . Where, Y i = Yield in kg per ha to crop i (i = 1 to 5), x i = Water applied in cm per ha to crop I and e i = error term
Since the main purpose of the model was to capture the influence of water on the crop yield, the model was limited to water only. Using the results of the quadratic production function for various crops, value of marginal products (VMP) was derived for each crop by multiplying the marginal productivity of water by the corresponding output price. The marginal value product and the corresponding water requirements of the different crops were plotted in the histogram. (Fig. 2) . the histograms were arranged in the descending order of the marginal value product. Each cell in the histogram corresponds to a particular crop, its height represents the value of marginal productivity of irrigation water and its width gives the total water applied to irrigate the crop (Fig. 2 ). For developing a smooth curve from the histogram, the following procedure was used. It is assumed an exponential demand function of the form
is the VMP of water for a particular crop, 'w' is the total water used for that crop and k is the coefficient estimated from the fitted function.
Fig. 2. Value of marginal productivity of water and total water use
The coordinates of the midpoint of each bar in the histogram were calculated and these points were used to estimate the parameters a and k of the function using standard statistical procedures which includes T test and regression analysis. Finally, using the resulting demand function, total profit due to irrigation water was calculated by subtracting total cost from the total revenue. The profit with and without groundwater were obtained as follows: 
RESULTS AND DISCUSSION
Supply of surface (tank) and well water
In the case of these study tanks, the tank supply data in the twelve tanks were estimated using the depth of water at different locations and the water spread area. In the case of groundwater supplies, it was estimated using the details of the wells including water levels in different months, horse power (HP) of the engine and the pumping pattern were worked out and converted into standard units (ha.cm) for comparison purposes. The results were further cross checked by summing up the number of supplemental irrigations given by the farmers for different crops in the season. The demand for irrigation water is a derived demand where price and quantity of water used are related. Under the neoclassical micro economic modeling framework, the value of marginal product of the input can be used as the demand for that input curve in the short run (Ashenfelter and Layard, 1986; Baumol and Blinder, 2005) . In the present paper, using the results of production function for various crops, the value of marginal products (VMP) was derived for each crop as shown in Table 1 . The VMP and water requirements of the different crops are presented in Table 2 . This value of marginal product of each crop and its total water requirement were plotted in the histogram (Fig. 2) . By arranging the crops in the descending order of the value of marginal value of the irrigation water, an approximate of the value of marginal productivity curve for irrigation water was obtained. Then using this data, an exponential form of the demand curve for water was derived (Fig. 3) . The values of a, k of this exponential function of the Fig. 3 were taken for the final calculation of stabilization value. For each tank the values of ground water and surface water were calculated by the above method. Let S t t = 1, 2 3, 12 denote the surface water realization for 12 tanks. Let g t be the ground water demand in each tank associated with S t and π (S t + g t ) be the corresponding profit. The value of the ground water when surface water supply was S t equals π (S t + g t ) -π S t. The average was calculated by the following formula (Tsur, 1997) .
Estimation of VMP as a function of water used
( The profit with groundwater minus the profit without groundwater gives the value of groundwater had surface water been stable at the mean level. The difference between the ground water value (Table 3 ) and the ground water value at mean (Table 3) gives the stabilization value. The results are presented in the Table 3 .
The average value of ground water equals to specify Rs. 1966150. The profit assuming that the tank water supply was stable at mean level (3,329 ha.cm) equals to Rs. 1675027, the difference between these two rows is specify Rs. 2,91,123 which is the stabilization value of the groundwater. 
